
3 portable radio frequency ammeters, correct on frequencies
from 120,000 to 1,200,000 cycles, range 0 to 20 amperes per
second.

3 portable frequency meters, range 450 to 650 cycles per
second.

3 portable low-reading D. C. voltmeters, range 0 to 3 volts.
Artificial antenna and complete testing instruments to be

provided by the contractor. Laboratory tests to be made by a
representative of the purchaser using instruments of the con-
tractor, or such instruments and apparatus as the purchaser
may desire to use.

Each equipment to be subject to at least thirty days' opera
ting trial before acceptance.

In the event of purchase, the contractor shall protect, defend
and save harmless the purchaser against any demand for patent
fees, or other claims of any description for any patented inven-
tion, article or arrangement that may be used in construction,
or form any part of the articles delivered under the contract
or the methods necessitated by their use.
SUMMARY. The author calls attention to certain serious defects in most
existing radio ship equipment. He considers that the best possible radio
equipment would be obtained by the steamship companies thru collective
purchasing on a large scale of well-built apparatus constructed to meet
standard specifications. He then supplies a complete set of proposed speci-
fications for the construction of transmitter, auxiliary storage battery,
receiver, antenna, and auxiliary parts.

DISCUSSION.

Guy Hill: Mr. Marriott has certainly covered the whole
case and considered everything very completely, and there is
very little which has not been touched upon. Some of the speci-
fications, I do not think I would personally quite agree with,
particularly in regard to insulating materials. For instance,
I cannot approve the specification of hard rubber for receivers.
I do not think that insulation should be limited to definite
materials in this way, as some insulating materials on the market
are, I think, far superior to hard rubber. Hard rubber has a
tendency to deteriorate, especially near salt water. I believe
the Navy has had trouble with hard rubber, as rubber parts
of sets have shrunk. Another doubtful matter is the specifica-
tion of porcelain for antenna insulation. This is unnecessary,
as the Navy has used various other materials satisfactorily.
The Navy, as a whole, has practically eliminated all porcelain
insulation. I know a great deal of trouble has been experiencee(
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by the porcelain breaking during handling-and shipping, and we
are now making insulating materials which are much stronger
and harder, and give much greater satisfaction on the whole.
I have not seen Mr. Marriott's paper before this evening, when
it was read, and he has covered so much ground that it is hard
to remember all his statements and discuss them off-hand.

As to spare parts which are to be furnished, their choice
should be very carefully covered and mentioned in detail, as
otherwise it would be quite hard to compare prices of the different
companies. Sometimes the spare parts are one of the large items
on a bid, and if the nature of these parts is not quite accurately
stated, quite some trouble will be caused. The generator voltage,
I might say, should be not more than 250 volts on open circuit
and With the transmitter key raised, so that when the load is
suddenly removed, the highest voltage with which the operator
can come in contact, is not dangerously high. The replacing of
fuses thereby becomes safe.

Storage batteries require further consideration. Mr. Marriott
seems to be very enthusiastic concerning the Edison battery.
A great many of the statements he gives are true. Lately, I
have not followed the automobile industry very closely, but I
know that in the past the automobile manufacturers, in develop-
ing their self-starting and lighting systems to meet the severe
conditions met with service, have uniformly preferred the lead
cells to the Edison batteries. Practically all of the people that
investigated storage batteries for self-starters were opposed to
Edison batteries and used the lead battery; and I think it might
not be a bad idea to get more data from these companies as to
their reasons for being opposed to the Edison battery, and
favoring the lead batteries instead. Mr. Marriott should be
congratulated on the great amount of work he has evidently
done in this direction and the excellent specifications he has
brought out.

John Stone Stone: I agree with Mr. Hill that it is very
difficult to discuss a paper after having heard it only once, par-
ticularly when it has taken a year or more of study and construc-
tion to draw up the material contained therein. I am also in
complete accord with Mr. Hill as regards hard rubber. The
term "hard rubber" has not a very definite meaning, for it
depends entirely on what kinds of material are purchased as to
the amount of rubber present. There is only one further point
I desire to mention and that is the omission of the method of
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changing the type of transmitter when passing from the main
set to the emergency set.

Robert H. Marriott: The same transmitters are to be
used in each case.

John Stone Stone: Using the same power?

Robert H. Marriott: Using full power as before.

John Stone Stone: Is it not possible to employ a lower
spark frequency for emergency transmission, thereby running
the motor generator at lower speed and putting less strain on the
storage batteries? A smaller storage battery could be used under
such conditions. A slower rate of sending dots and dashes might
partly compensate for the decreased power. The energy per
spark might also be slightly increased.

Robert H. Marriott: The reason for using a high spark
frequency is to be able to read the signals thru static, because
the high pitched note "cuts thru" atmospheric noises.

John Stone Stone: It might be possible to overcome the
bad effect on the range of a lower pitched note by putting more
energy into each spark, and thereby keeping the range nearly
constant.

Robert H. Marriott: If the atmospherics are strong
enough, they will blot out the low spark signals of almost any
intensity.

John Stone Stone: Even with very small sets at low spark
frequencies, very great ranges have been obtained.

Robert H. Marriott: This is the case in the winter time
but not in the summer; and emergency apparatus should be
suitable for all year round work.

A. F. Parkhurst: In your discussions you have just men-
tioned the problem of furnishing emergency and auxiliary service.

We have met this service by the use of an auxiliary source
of power; the storage battery.

No one can appreciate as much as we steamship men the
necessity for some recognized specifications for Radio Equip-
ments, such as those just proposed by Mr. Marriott.

All of our installations have been made with the end in view
of having the most efficient service possible, especially under
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emergency conditions. In fact, no expense has been spared in
supplying every known emergency equipment on our vessels
for promoting their safety and that of the passengers.

These precautions comply in both spirit and letter with all
compulsory regulations. Naturally it has taken an enormous
amount of time and detail, in addition to the expenditure of
considerable sums of money, to perfect our radio service and
bring it up to its acknowledged high standard of efficiency.

We, however, feel repaid by this one fact: while not being
exempt from accidents, we have yet to suffer the loss of a member
of our fleet.

After a number of years of experience we have arrived at
what we believe to be the ideal specifications for steamship
radio equipment in our very exacting service.

These specifications differ but slightly from those contained
in the paper presented by Mr. Marriott this evening. I there-
fore feel in a position to present conclusive argument which
should tend towards the adoption of specifications such as these
by all steamship lines.

This would naturally be somewhat lengthy. I will therefore
reserve further discussion for a paper which I propose to present
to you at an early date.

John L. Hogan, Jr.: I did not have an opportunity to
read Mr. Marriott's paper before this evening, but, in talking
over the matter with some of the National Electric Signaling
Company's engineers after the announcement of the subject of
the paper, we reached the conclusion that it might interest the
members of the Institute to learn of the views and methods of
our Company in attacking the problem of emergency and
auxiliary service.

We have made a number of transmission tests, and as the
result of our experience are convinced that 100 miles cannot
be covered under ordinary conditions (or possibly under condi-
tions slightly worse than ordinary) when using less than 250
watts in the primary of the power transformer of an efficient
transmitter. The sets which Mr. Marriott has described and
those which the United Fruit Company has used, are, no doubt,
nearly ideal. Unfortunately (or, from another viewpoint, for-
tunately), the present law does not require anything like the
technical perfection and expense which the specifications of
Mr. Marriott would demand. The steamship companies, in
general, practice the strictest economy in the matter of radio
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equipment. They do not seem willing to consider radio service
a profitable form of insurance and to balance its small expense
against the value of ships and cargoes, loss of which is frequently
prevented by even poorly efficient service, nor to credit the
stimulating effect of good radio service upon passenger traffic.

In view of this attitude, a compromise between the ideal and
the cheapest is required, and to secure a desirable outfit at
reasonable cost we must eliminate all but essentials. It is
evident that the parts of the radio transmitter which most fre-
quently break down must be supplied in duplicate, if service
is to be maintained. We have reached much the same conclu-
sion as has Mr. Marriott as to which parts least stand the strain
of service, and believe that the weakness of the set is concentrated
at five points, namely:

1. The power source.
2. The motor-generator.
3. The power transformer.
4. The condenser.
5. The spark gap.
These parts should be supplied in duplicate. We have

found that the expense of duplicating the large motor-generator
set which is used for ordinary transmission is excessive, and we
have therefore adopted a complete and separate, but smaller,
auxiliary motor-generator set for emergency use. For a 2
kilowatt main set we provide a motor-generator set of 12 kilo-
watt at 500 cycles for emergency use. As to the auxiliary
power source, there is supplied an Edison or lead storage battery
which is able to run either the main or the emergency set. If
the storage battery is chosen to run the 12 kilowatt auxiliary
set for four hours, it can be relied upon to. operate the 2 kilo-
watt main set for half an hour. In this way, in times of distress,
the operator can call for help and establish communication on
the emergency set. If then static is too severe to permit easy
transmission with 12 kilowatt power, he can send important
data relative to his position and condition by using the high
power set. Many other conditions under which it would be
highly important to run the main set when the ship's power is
cut off suggest themselves immediately.

The provision of the storage battery and the additional
smaller motor-generator provides spares for the items numbered
(1) and (2) above. In our sets a duplicate power transformer is
furnished, as are spare condenser and gap units. In this way
all parts of the transmitter which are subject to failure are
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reinforced by spares, and we have available two complete radio
frequency spark sets, one of 0.5 kilowatt and one of 2 kilowatts.
Either of these may be operated from the ship's power or from
the storage battery at will, simply by throwing two switches.
The wiring is such that even under conditions of excitement
the operator can make no mistake in connections.

I agree with Mr. Hill that the experience of the automobile
manufacturers in connection with storage batteries for starting
and lighting systems is highly pertinent, and think it is further
evidence that lead cells may be used for severe service with
satisfactory results. Referring again to Mr. Marriott's specifi-
cations, it seems to me that the range of the receiving sets
should reach at least 3,000 meters wave length with the
average ship's antenna. Time signals are now transmitted by
the Navy on the standard wave length of 2,500 meters, and since
these signals are of great importance to navigators the range of
wave lengths of the receivers should include at least 2,600
meters, tho not necessarily at maximum efficiency.

Alfred N. Goldsmith: We cannot, without further tests,
agree that the storage battery which will operate a 12
kilowatt set for two hours, under the usual conditions of radio
service, will operate a 2 kilowatt set continually for one-half
hour. If the storage battery is kept on a greater load, excessive
polarization results, and the output of the battery diminishes
rapidly. The battery is quite able to recover from this polariza-
tion, if sufficient time elapses. The extent to which this fact
would affect Mr. Hogan's conclusions would have to be exper-
imentally determined.

John Stone Stone: Is the time required for recovery of
the battery not known?

Alfred N. Goldsmith: It may be at least 10 or 15 min-
utes, and it must be taken into account.

Emil J. Simon: The set which Mr. Marriott has outlined
meets the engineering and operating requirements most fully,
but it would hardly appeal to the average steamship company.
It would be too expensive. Under ordinary circumstances, such
a set with duplicate motor and generator and other spare parts
as described, could not be purchased for less than $4,000. A
storage battery equipment of sufficient capacity to operate such
a set with full power for six hours will cost an additional $2,000.
A set of one-half the capacity of that described by Mr. Marriott;
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that is to say, a 1 kilowatt set, would be sufficient for main-
taining communication up to several hundred miles under nearly
all of the conditions met with by ships even in the tropics. I
would like to hear from Mr. Parkhurst, as to whether in his
opinion the 2 kilowatt sets which his company is using are not
larger than necessary except under rare atmospheric conditions.
I may say, in this connection, that with a modern quenched
spark set supplying 350 watts to the transformer and delivering
an antenna current of 6 amperes a daylight range of 300 miles
(500 km.) in the tropics was easily attained in the summer time
on a vessel of the United Fruit Company. I am certain that this
range is not at all exceptional, and could be repeated at any
time.

A set of the size specified by Mr. Marriott; namely, one
delivering 1.2 kilowatts in the antenna, which corresponds to
between 15 and 18 amperes antenna current, might well be con-
sidered unnecessarily large in a vessel of the Fruit Company
type. I think it would be well for the Institute engineers to
determine the proper amount of power which should be used to
meet the legal requirements in order that no excessive burden
or expense shall be placed on the steamship companies. I
should value the opinions of the engineers present.

John L. Hogan, Jr.: Referring to the statements of Dr.
Goldsmith, concerning the total time of discharge of the second-
ary cells under overload conditions, I would say that we have
found it possible to choose a storage battery such that the ratios
between power delivered and time of discharge which I have
already given for our sets will hold good.

I agree with Mr. Simon that efficient 0.5 kilowatt 500 cycle
sets are in general quite capable of meeting the legal requirements
for auxiliary transmitters, with an ample factor of safety. In
our design of ship apparatus, the smaller set meets all the usual
requirements of service, yet the large set is always on hand in
case exceptional conditions render its use, for a limited period
of time, desirable or necessary. It may also be pointed out that
on many ships the space economy effected makes this design of
transmitter of far more value than one in which the large motor
generator is duplicated and a large storage battery furnished.

Alfred N. Goldsmith: It is true that a storage battery
can be chosen which will operate a 0.5 kilowatt set two hours
continuously, or a 2.0 kilowatt set 0.5 hour continuously, but it
must be a considerably larger battery than one meeting only
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the first of these requirements. How much larger it must be,
only experiments under service conditions can show. It will be
noticed that no attempt at securing inverse proportionality
between power delivered and time of discharge is made for the
storage battery equipment Mr. Hogan describes.

Robert H. Marriott: As regards hard rubber, I believe
that certain other compounds have recently proven more sat-
isfactorv. I cannot subscribe to the doubts concerning the
Edison storage battery. If it is investigated, it will be found
to speak for itself when compared to other auxiliary sources of
power.

The equipment which I have specified is not to be regarded
as ideal; it is better to call it "fairly up-to-date." Those
steamship companies which desire complete radio service and
protection will probably add further equipment, as, for
example, a radio telephone outfit which will enable the cap-
tain, while standing on his bridge, to talk to the captains of
other ships in foggy weather, or to get directions from the
pilot boat. Radio equipment and service are entitled to more
than they receive generally. The vessels having radio equip-
ment are said to cost from $100,000 to $15,000,000 each, with-
out cargo. It costs $300 per day to run a small vessel, and a
vessel need not be very large to cost $3,000 per day. A con-
sideration of these specifications and the quantities of apparatus
required will indicate that the outfit, including the battery,
could be supplied at a good profit for less than $3,000, and
this possibly even in lots of 50 or less. Furthermore, it should
be remembered that good equipment costs less to maintain and
operate.

It is very necessary to have a reserve of plenty of power so
as to be able to work thru summer atmospherics and absorp-
tion. Fog or fire may require an S. 0. S. at noon in July as
well as at midnight in February. I cannot overemphasize the
importance of large factors of safety in radio equipment. When
the radio equipment includes a battery it is a safety and
emergency device. In designing it, the benefits of any doubt
should be given to the passenger and ship, the existence of
which may depend on the radio set.

A motion was regularly made, seconded, and unanimously
passed, that the thanks of the Institute be extended to Mr.
Marriott for his useful and entertaining paper.
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At the suggestion of Mr. Hill, a motion to appoint a com-
mittee on Standard Minimum Radio Specifications was placed
before the Institute. It was carried, and Chairman Stone
announced that he would later (he having been designated as
the appointing official by the Institute) appoint the Committee.
It was understood that the Committee was to restrict itself to
the formulation of minimum requirements so worded as to
indicate definitely that further progress and increased rigidity
of specifications were completely possible, and even imminent.
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